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FOREWORDThe 

Environmenta Protecton Agency was created because of ncreasing pubicand 
government concern about the dangers of poution to the heath andefare 

of 
the Amercan peope. Noxous air, fou water, and spoled andare tragic 

testimony 
to the deterioraton of our natura environment. Thecomplexity of that 

environment and the interpay between its componentsrequre concentrated 
and ntegrated attack on the probem.Research and deveopment 

is that necessary first step in probem soutionand invoves defining 
the problem measurng Its impact and searchingfor soutons. The Municpa 

Envronmenta Research Laboratory deveops newand improved technology and systems 
for the prevention, treatment, andmanagement of and soid and hazardous 

waste polutant dischargesfrom municipa and communty sources, for the 
preservaton and treatment ofpubic drinking water suppies and to minimize the 

adverse economic, socia,heath, and aesthetic effects of poution. This publication 
is one of theproducts of that research; a most vita communcations ink 

between theresearcher and the user communty.As the base of information 
continues to expand through 

continuing 

researchand deveopment, t becomes ncreasingy important to transfer 
thsknowedge through a concise compendium of urban practices. Thisreport 

presents the most recent deveopments in the state-of-the-art ofcompeted 
and ongoing storm and combined sewer management and abatementtechnoogies.Francis 

MayoDrectorMunicipa EnvironmentaResearch Laboratoryn 



ABSTRACTA 

continuaton and nation of the state-of-the-art of storm andcombned 
sewer overfow technoogy is presented. Essentia areas of progressof the research 

and deveopment program are keyed to the approachmethodoogy and user 
assistance toos avaabe, stormwater characteriation,and evauaton of contro measures. 

Resuts of the program are visibethrough current and ongong master 
panning efforts*Assessment of urban poution is 

referenced 
to the deveoping natonadata base, ocazed through seective monitoring 

and anaysis, andquantified as to potentia source and magnitude using 
techniques ranging fromsmpified desktop procedures to compex simuation modes. 

Stormwaterpoutants are characterzed by () source potenta, (2) 
dischargecharacteristics, (3) resdua products, and (4) receving water 

impacts.Contro and correctve measures are separated Into termed 
BestManagement 

Practces and structura aternatves. Best ManagementPractces focus 6n 
source 

abatement whereas structura aternates roughyparae conventona treatment 
practices of correcton. Structura aternatves may incude storage (voume 

senstve)and treatment (rate sensitve) optons and baances. Mutipurpose 
andIntegrated (dry-wet) faciites have been the most successfu with processsimpicity 

and operationa contro fexibiiy prime consderations.Best 
Management Practces have decided benefts over structura ower cost, earier 

resuts, and an improved and ceanerneighborhood env1ronent--bu ack 
quantfed 

actionimpact reatonships.For combned sewer overfow abatement, increasing 
degrees of structuracontro are necessary.Successfu program impementaton 

is iustrated for severa seected casehstories.This report was submtted 
in fufiment of Contract No. 68-03-228 by & Eddy, Inc., Western Regiona 

Offce, under the 

sponsorship 
of theU.S. Environmenta Protection Agency. Work covers the perod Juy 

975 
toJanuary 

977 work was competed as of June 977.V 
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SECTION 

1INTRODUCTIONThe 

quaity of the surface waters of the nation refects the aggregate effectof 
a discharges. As objective eves of and restorationrise and as broad 

strdes of impementation are achieved, theroe of the heretofore "esser" 
discharges 

becomes ncreasingy important.In response to an expoding environmenta 

consciousness on the part of itscitizens, the United States has set forth 
the foowing goas through PL 92500, the Federa Water Poution Contro Act Amendments 

of 972:. "To restore and maintain the chemica, physca and 

bioogicaintegrity of the ation's waters." [Section 0a2. "herever 
attanabe, an interm goa of water quaity whichprovides 

for the protection and propagation of fish, shelfish, andwidife 
and provides for recreation in and on the water beachieved by 

Juy , 983. [Section 0(aThese goas cannot be achieved wthout 
recognition and assessment of a1source oads 

and the formuation and implementation of mitigation programsdrawn from 
an 

equay broad base.URBAN MANAGEMENTUrban management programs address water 
poution initiated byranfa (or 

frozen precipitation) 
impacting 

on deveoped and deveopngareas. Polution is intensified as are 
scrubbed 

from the air;washed from the and, pavement, and buiding surfaces; 
scoured from thecoection network; and finay transported, and depositedwithin 

the receiving waters themseves.When stormwater and municipa are 
intentionay carried nthe same colector system, the spils (untreated discharges) 

are termedcombined sewer overfow. 

Significanty, 56% of the popuation in thenations cities with 00 000 or more 
inhabitants [] are served by suchcombned or partiay combined systems. 

hen stormwater and municipawastewaters are coected separatey, 
cross-connectons (ether drect orindirect) frequenty have been found resuting 

in 
simiary degradedoverflow quaities. Finay the separatey-coected or 

free-discharging aone can produce mass reeases of contaminants harmfu 
toreceiving waters and in vioation of objective critera. 



AssessmentSurface 

generated probems and appropriate mitigaton measures aredifficut 
to assess because:• The 

events 

are irreguar and unpredictabe• The impacts 

are ikey to be highy time and ocation variabe• Other discharges 

or conditons tend to mask actual resuts• Reatively itte 

usabe 
oca data are avaiabe and new data areextremey time consuming and 

costy to obtain• Mtigation measures are 
argey 

conceptua and effectiveness is 1definedThese difficuties and the 

unquestoned 

need for soutions have spawned overthe past decade a major research and 
deveopment effort both in the UnitedStates and in other nations around the 

word. The resut has evoved in thedevelopment and appcation of a new technoogy 
which emphasizes time andspatia effects and tota system consciousness. 

Soutions are found not onyin improved hardware and process operations, but 
even more so in thestressing of management practices that imit the 

spread of the probem andattack it at its source.Because the fow quantties 
are high, reaching one 

to 
two orders of magnitudegreater than dry-weather fows, controwhether through 

fow baancing,mutipe uses of facities, runoff retardation, or combinations 
thereofisthe focus of cost-effective panning.Panning ProcessPL 92-50 

contans 
compex and far reaching poution 

contro incentves 

andcommits the federa government to eminate poution of the natonswaterways. 
Because of ther Impacts on fundng and program gudance, threesections 
of the Act have major signifcance: Secton 303(e), the StateContinuing 

Panning 
Process; Section 208, Waste Treatment ManagementPanning; and 

Secton 
20, Faciities Panning.Ideay, the 303(e) pan estabshes the waste oads; the 

208 pan provdesthe regiona overview and 
designates 

the 20 area and the impementngagency; and the 20 pan deveops specific 
project that is the mostenvronmentay sound and cost effectve for 

achieving the stated waterquaity standards.With respect to combined sewer 
overfows and discharges, presentconstructon grant poicy is [2Projects 
invovng treatment 

and contro of combined sewer overfows andstormwater dscharges may be 
considered ony after the panning 

processhas 
cleary established their cost-effectiveness. Such projects must 

be 



considered on a case-by-case basis after a carefu revew of 
aaternative contro techniques has shown that, even after industriaeffuent 

imitations and a mnimum of secondary treatment for dry-weather 
muncipa fows are achieved, the seected aternative is neededto protect the 

beneficia se of the recevng waters. See 75-34In spite of the rigorous 

restrictions, 
a number of maor combined seweroverfow abatement projects are 

being funded today. Seected miestoneprojects are described in Section 

8 of this report.NeedsUrban management is, in 
itsef, 

a 

continuous process. Essenta toits success is a constant process of innovation, 
demonstration, assessment,impementation gudance, and actve program feedback. 

Eventua program costswi be n the $0 biions [3, 4, 5 Such a program must 

be founded onproven capabiities, comparable methodoogies and assessment 

criteria, anexpanding data base, and a contnuous effectve technoogy 
transfer.The diffcuties cannot be regarded ighty. Much has been accompished 

andcear benefits derived; however, the greatest caenge--te transition 
frompanning to reaization (with noteworthy exceptons)--s sti before us. ReportIn 

972, the United States Environmenta Protection Agency through itsStorm 

and Combined Sewer 
Section 

(Edison, authorized the preparation ofa comprehensve investigaton and 
assessment of promising, competed, andongoing urban stormwater projects, 

representative of the state-of-the-art inabatement theory and technoogy. The 
report, completed by & Eddy,Inc., in December 973, presented in textbook 

format a compendium of projectinformaton on management and technoogy 
aternatives within a framework ofproblem identification, evauation procedures, and 

program assessment andseection.In the process, over 40 projects, totaing 
over $90 miion, awarded underthe EPA Storm and Combined Sewer Technoogy 

Research, 

Deveopment 
andDemonstration Program were reviewed, as we as other nationa and 

ocamiestone programs. The report. URBAN STORMWATER MANAGEMENT AND 
TECHNOLOGY:An Assessment, -74-040, December 1974, is availabe through 

theNationa 
Technica Informaton Service, 5285 Port Roya Road, Springfied,Virginia 

225 [Order number: 240 687] and the Storm and CombinedSewer Secton, 
EPA, 

Edson, 0887.The objective of this project is to improve and acceerate 
the transfer of newtechnoogy the fied of urban stormwater management 

from 
the researcher tothe potentia 

user.Presente 
as an UPDATE AND USERS GUIDE, the report suppements the earierwork by 

directing attention to the latest deveopments in the field, throughexpanson 
of 

the data base, by 

the addition of example probems, and by 



reconstructon of key projects in for more usefu to potentia decisonmakers. 
The UPDATE is desgned to be used in conjuncton wth, and not as arepacement 
of, the earier report.Descriptions, 

methodoogies, and probem soutions presume a genera under¬standng on the 
part of the reader of urban probems and soutonaternatives, such as coud be 
gained from the earier ork or coparabefirsthand experience. In this manner, 

it is hoped that redundances arereduced and that new work and 
information are emphaszed. Seected tabuarinformation, particuary characterzation 

data, costs, and performancecrteria have been repeated where bock 
comparisons are considered beneficaand where sgnificant modifications have been 

made.FORMATThe report presentation is organized 
into 

five 

parts, each contanngiustrative probem sets where appicabe. A gossary 
of key terms socated in the appendix.The frst part Approach Methodoogy 

dentfes the major 
panning 

gudancedocuments and toos avaiabe; highghts their utiity in quantifyingprobems 
and setting up approaches; and demonstrates ther appicablity 

inprogram deveopment.The second part Data Base and Normaizaton, provides an 
update of fied dataand 

approaches used to normalize these data for and mpactanaysis.The third part 
Best Management Practices for StormwaterContro, summarizes recent progress 

in 

egisatie, 
source, and contros and attempts to assess their reative 

cost-effectiveness.The fourth part Unit Processes, provdes a simiar update on appied 
unitprocesses with emphasis on performance characteristics, 

fexbity,operationa 
consideratons, and potentia cost effectiveness.The fifth 

part 
System Appications, emphasizes the tota systes approach andilustrates 

through case history exampes their deveopment from 
concept 

toimpementaton and, if operationa, to assessment.ReferencesThe source materia 
covered incudes that which was reeased, pubished, orobtained through 

direct contact over the period from January 974 

throughSeptember 

976. Both United States and seected foregn iterature arencuded. A compete 
bbiography appended to the report.Over 360 references were revewed 

covering 
ongoing, new, and compete projectsin the field of stormwater 

management. Considering the 33 month search span,this represents 

an average document generation of better than 0 per monthwhich is indcative of 
the intense activityand rapid obsoescence--of thetechnoogy and data base. 

Each reference reviewed was cataoged into one or 



more of seven broad categores and multipe as isted inTabe . A breakdown, 
iustratng the distrbution of source materiaacross these categories, 

is shown in Figure .TABLE . REFERENCE AND 

RETRIEVALCatgoretaed descrption Storge/treatent 

processes2 Poutant chracteraton3 

athematca modes4 

Management 

plannng5. Case studes6. 

Msceaneous artces7. 

Proect 
Inne 

storageOffne 

storaeSwr 

concentrators/reguatorsScremn9/cro£trannSedmentatonDissoved 

air fotatonStabizaon basnDsinfectonBiologca 
treatmentChemca 

treatmentCharacterzaton 

vauesSudge/sodsBologca/mcroboogcaChemc 
conttuents 

contamnantsSedmentHeavy 
metasanagementCostsStorage 

and 
treatmenCoect 

on/transportRecevng 
aterSedment 

controTreatent controSystem 
controEconomcsComparson 

of aternatvesSource 

controSampn/data 
Sewer 

separatonProbem 

characterzatonSystems 
anayssPiot 

pantsFu-scae pantench-scae 
testsFu-scae 

systemsAbstracts and 
bbographesSemnar 
papersCost Informaton nformaton 
proectsLegsatonProress reportsDATA 
BANKSince 97, 
the University of Florida has been engaed, under contract[6], 

in the aggregation 
of urban 

rainfa data colected byothers. 
These data are 

intended 
primariy for use in urban 

modecaibration and verification, but aso 
may usefuy 

serve to 
characterzeurban 

runoff 
on a 

nationwide basis. 



PRCESSESPROJECTS 
DFACLITIESTOTAL 

REFERECES1017CASE 
STUIES28 

POLLUTANTANAGEENT 

STUDIES4ATHEATICAL 

ODELIG3EB21270ISCELLAEOUSARTICLES5 

1CFgure . 
Source reference distribution.Locations 

for 
which 

data have 
currenty 

been assembed 
and 

paced 

on 

magnetictape 

are isted n the Appendix. Rainfa, 

and 
quaity data areavaiabe for 7 ocations whie 2 additiona ocations have ony 

data at present. Data are provided on a storm event basis: no ong-term 
(continuous) records are presenty incuded. Receiving water data areaso not 
incuded.EPA encourages active use and expansion of this Data Bank. A magnetc 

tapecontaining the data wi I be maied at cost to those who request it 
through and James 

P. Department of Environmenta EngineeringSciences University of Forida 
Forida 326.In addition 

it is known that there are many data sources aready 
in 

existencepus potentia feedback from many of the neary 200 EPA Section 208 
Waste Management Studies that may be sutabe for incusion 

in 
the Data Bank.As sources are deveoped periodic addenda in the form of summary 

reports andtape updates w be issued. 



SECTION 

2CONCLUSIONSIn 

the 3 years since the competion and pubcation of the 
initiacomprehensive 

assessment of urban management and technoogy [],much has been 
pubished on data and methodoogy; many panning studies havebeen initiated; 

severa 
demonstration projects have been competed orsignificanty advanced; 

and, most importanty, a number of major projects havereached the threshod of 
fina design and impementation.In terms of potentia 

investment, 
a samping of the atter projects is bothstaggerng and reassring.• 

Chicago, Ilinois $.8 bilon 

program to contro combined seweroverfows, partiay under construction 
with S662 miion worth ofwork to go under contract this year [2• 

San Francsco, Caifornia - $.5 biion program 

to contro combinedsewer overfows and upgrade exstng treatment with 
over $70miion in constructon, advertised or awarded and 

projected 
totasystem operation by 985 [3• Boston, Massachusetts - $0.8 

bilion program of treatment 

upgrading and combned sewer overfow contro andtreatment to be 
fuy impemented by 2000 [4• Rochester, New York - $0.4 blion 

program to control combined seweroverflows, 

expected 
to go under design this year [2]The figures are staggering 

because 
these four metropoitan areas comprise ony5% of 

the 

natons popuation served by combined sewers. Reassurance comesfrom the fact 
that these cities, on the cutting edge in stormwater management,have the 

confidence in today's new technology to move beyond the frustratingyears of study 
into beneficia and broad scae impementation. The impetus ofdesign and 

constructon 
works on this vast scae wl greatly acceerate ourbase of knowedge and 

impementation capabiities.Concusions with respect to the present eve of urban 
stormwater managementtechnoogy foow in the 

sequences 

as addressed in the body of the report. 



APPROACH METHODOLOGYThe 

basic approach concept may be viewed as a four step process:() 
quantifyng the need, (2) seective fied monitoring, (3) cost-effectiveness 

assessment and (4) impact simuations.• Toos 

for analysis range from reativey simpe desktop procedures tohghly compex 
dgita computer simuations. Of the avaiabe gudes,the guide [5] 

promises the greatest utity for the user.• Modes are avaabe in four 

appication categories as shown in Tabe 2.There are consderabe variations in 
mode compexity and utiity withineach leveTABLE 2. LEVELS OF MANAGEMENT 

MODELSAnaysseveIMode 
typeDesktopModecomplextyLow 



• In the final anayss, however, there is no substitute for experencedprofessiona 
engineerng evauation. The "east common denominationsoution" 

does not exist whether it be aimed towards design stormseection, 
impact anaysis, cost assessment, or pubic acceptabiityevauaton.STORMWATER 

CHARACTERISTICSCharacteristcs 

of particuar interest to the designer-manager are:() sources of 
polutants, (2) dscharge "end of the pipe" oadings, (3) pro¬cess residuas, and 

receiving water impacts. A ogca fifth category,beneficia reuse, is an 
emerging 

research need.• Major poutant sources and 

the related data base activitiesare shown in Figure 2.SOURCES OF POLLUTATATA 
ACTIVITY1 STREET 

2 MOTOR VEHICLES3 ATMOSPHERIC FALLOUT4. VEGETATION5. 

LAND SURFACE6 

LITTER7. SPILLS8 

ANTI-SKID AM CHEICALS9. 
CONSTRUCTION 
SITES10. 

COLLECTION 

NETORK1. 

CHARACTERZATION OF 
STREETDUST AND 

DIRT LITTERACCUMULATIONS2 





TABLE 3. COMPARISON OF TYPICAL VALUES FOR 
DISCHARGES Total 
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• Residua sudges from tratent processes are ikey to behigh in (voatie 
soids content abut haf that n rawprimary sludge), by conventiona 
processes, but so great nvoume as to provide major treatment and 

disposa probems. Furthercharacterization and design experience are 
significant research needs.• Receiving water impact evauations to date 

must 

rey on modesimuations due to the and variabiity of events 
and themasking effects of other discharges.BEST MANAGEMENT PRACTICES and 

ow structuray intensive aternatives, 

termed bestmanagement 

practices ffer considerabe promise as the frst ine ofaction to contro 
urban poution. By treating the probem at tssource, or through appropriate 

legisation curtaiing its opportunity todeveop, mutipe benefits can be 
derived. These ncude ower cost, earierresuts, erosion/food contro benefits, 

and an improved and ceaner neighborhood environment.• Probem prevention 
goas 

center about containment of a or part of therunoff and poutants near the 
source. Panning 

eements 
incude:. Utiization of and detention ponds2 Utiization of pervious 

areas for recharge3. Avoidance of steep sopes for deveopment4. 
of 

maximum and area in a natural undisturbed 
state5. 

Prohibiting deveopment on flood pains6. 

Utiization of porous pavements where 
appicabe7. 

Utization of natura drainage features• Construction contros 
such 

as minimizing the area and duration 

ofexposure, 
protecting the soi with much and vegetative 

cover,increasing infitration rates, and 

constructon of teporary storagebasins or protective dikes to imit 
storm 

runoff can significantyreduce receving water impacts caused 
by erosion.• Corrective maintenance and operation practices incude:. 

Contro of itter, debris, and agricutura chemicas2. Regular street 
repair and sweeping3. Improved roadway and 

materias 
storage practices2 



4. Proper use and mantenance of both and drainagecoection 
sstes5. retenton or 

detention of • Program success is dependent on 
egisation 

or ordinances, to force orencourage with the intended BMP, and 
concerted effort tomonitor compiance and educate not ony those who wi 
bear theresponsibity of reguation, but the pubic as we.• The 

greatest difficuty faced by BMP is that the 
action-impactreationships 

are amost totaly It is cear that storage, for 
exampe, can be closey reated to reduced downstreamconduit requirements; 

but the net water quaity benefits are far lessdefined. Simiary, 
cleaner streets and neighborhoods and enforcedegisation Mi eradcate gross 

poution sources, but to what imitshoud they be appied and who wi 
bear the cost? The fina answers ofcost effectiveness have not been 

found short of tria impementation.UNIT PROCESSESThe aternatives, or 
preferaby suppements to BMP, invove combinations ofstorage and high-rate 

unit processes 

and/or conjunctive use with existingtreatment faciites. Storage is considered 
a necessary contro aternative because of thehigh voume and variabiity 

associated with 
storm 

and combined seweroverfows. Storage faciites are frequenty used to 
attenuate peakfows, thereby reducing the size of faciities required 
for furthertreatment. Storage, however, wth the resuting sedimentation 

thatoccurs due to ncreased detention times, can aso be considered 
atreatment process, as shown in Figure 5.• Inine storage, the use 
of the unused voume in nterceptors and trunksewers to store 

runoff, is a particuary attractive option 

forcontroling urban runoff. Typicay, this alternative ncudesinstaation of 
effective reguators, eve sensors, tide gates, raingage networks, 

sewage and receiving water quaity montors, overfowdetectors, 
and and then appies computerzed coectonsystem contro. System 

effectiveness may be highy sensitive to thedegree and maintenance of the 
contro system as shown in Fgure 6.• Physica treatment aternatives 

are primariy appied for soids removafrom and are of particuar 
importance 

to storm andcombined sewer overfow treatment for remova of 

andsuspended soids and floatable materia. Physica treatment systemshave 
demonstrated capabity to hande high and varabe infuentconcentrations 

and and operate independenty of othertreatment facilities, 

with the exception of treatment and disposa ofthe sudge/soids 
residuas. 

The principa disadvantage reates tothose periods of time when 
equipment sits ide during perods of dryweather when impemented 
on a dua-use bass as either or3 





effuent poshing of conventiona treatment pant fows, reduced captainvestments 
may be reaized. Representative process efficiencies and costsare shown 

in Tabe 4.TABLE 4. 

COMPARISON OF PHYSICAL TREATMENT SYSTEMSPhysca unt 



up to 300 (6.8 The swir fow principe has aso been success¬fuly demonstrated 
as a grit separaton device and as a primary (treatment)separator 

(effectiveness 
presenty imted to reativey smal diameter,5.5 [8 ft] units) [0 

Investigations are proceeding on itspotentia use as a portabe 
erosion/construction ste treatment device [120 10 200 00 400 00 BOO 700 BO BOO 



High rate oxidizing agents, agent storage and handng, and 
highintensity mixing are major design consideratons.In 

practce, operation and maintenance costs for faciitesmay show a marked 
economy of scae as shown in Figure 8. Theiustration 

represents 
a cost to voume normaization of nnedemonstration storage 

faciities.D.0250.0200.0190.0100.03STORAE 

BFgure 

8. 



SECTION 

3RECOMMENDATIONSThe 

doar nvestent n federaly funded research and deveopment (R&D)projects 
for management is dwarfed by the existing and potentaconstruction costs 

generated off this data base. For exampe, Chicagospotentia investent of 

$662 miion in this. the first, year of itsconstruction program is 
more than 0 times the tota federa share n astorm and combined sewer R&D 

projects over the past teve years since programnception. If the requred technoogy 
base is to keep pace with or leadactivties on such scae, much greater 

emphasis must be given to the R&Deffort with particular attention to the 
foowing.IMPACTS AND BENEFITS• Ties between 

receiving 
water quaity 

and 

stormwater discharges must beceary deineated in a wide variety of 
circumstances. This wi requrecontinuous monitoring of the seected discharge 

fows and the affectedreceivng water bodies to observe tempora and spata 
impacts.• Quantification of the impairment of beneficia uses 

and water quaityobjectves by such discharges shoud be a major crterion 
of thesestudies.• As an aternative to direct discharge, benefcia 

reusethe 

acceptanceof urban as a potenta water resourceshould be sngled out as 
aprime R&D area. hat are the potentias? What are the hazards? hymight 
runoff be preferred over other sources? How can reiabiity bebut into 

designs to serve what specific uses? What is the costoutook? For 
exampe, can highway drainage be onded and reused forlandscape 

rrigation?• Renovated river systems, such as the San Antonio River n San 
Antonio.Texas, and 

the 

South River in Denver, Coorado (Fgure 9), shoudbe fuy researched and 
touted as cear evidence of documented benefitsto be derived fro improved 

stormwater management. These benefitsincude increased property vaues, 
aeviation of heath and sanitatonhazards, increased recreationa 

faciities and inear parks, food and enhanced community pride and [• Fnaly, 
the potenta beneficia reuses of the sudge by-prodcts ofstormwater 
treatment shoud be systematicay evauated. Is t suitabefor 

drect 
If washed, wi it prove to be suitabe8 



foundation and grading material? Fine aggregate substitute? 
Covermatera for refuse 



Specifc interests concern odor generation, soids settement and and 
waste stabiizaton.• The feasibiity 

of 
and storing in combined sstemsand subsequent reuse for syste fushing 

shoud be nvestigated anddemonstrated on a prototype scae,• The 
dua-use appication experience of new 

physica and, 1f appcabe,bioogca treatment prototype systems shoud be 
researchedin depth and pubished in a singe subject document.• The roe of 

wetlands in the natura treatment of urban runoff 
and 

in thesef-purifcation of streams shoud receive increased attention 
andinformation nation. Augmentation through apped and treatmenttechnoogy 

shoud be investgated.DATA MANAGEMENT AND OF INFORMATION• Centraied 
storage and retrieva systems for 

stormwaterquantity/quaity and impact data. either 

regionay or nationay, arerecommended as an adjunct to the 
essentia free and rapid fow ofpriceess data between the researcher and 

the user.• Information shoud be ogged as quicky as possbe ad 
tagged with anidentfier based on the degree of and 

verification ofentries accompished. A1 data not screened and verified within 
aspecfied tme of posting, say 6 months, shoud be dropped from 

thesystem.• A funded prototype demonstration projects shoud have 
mandatory, reporting requirement to the system on monthy orbmonthy 

basis.• 

hen of significant program interest, funding for continuous montoringand 
reporting beyond the norma project duration shoud be provided.• 

Access to 

the 
data bank system shoud be open to anyone at nominacharge. Semiannua 

istings and updates of ogged materia shoud bepubished.• Because of the 

continuing proiferation of pubications in the fied andthe tendency 
towards rapid data universa assessments suchas presented in this 

voume and 
its 

predecessor should give way torestricted subject area documents, thus 
permitting ore in-depthanaysis.20 



SECTION 

4APPROACH 
METHODOLOGYThe 

and compex nature of management assessmentsmakes systematic approaches 
essenta. Benefits to be derived from westructured and documented 

procedures incude the identification of oca datastrengths and weaknesses, of 
findings, and progressiveadaptation to new technoogy and data sources. 

The information presented nthis section provides the framework for the user 
to structure soution-orented approaches and demonstrates their appicabiity 

through iustrativeprobem soving. Subsequent report sections provide data, 
managementpractice, unit process, and experience updates to be 

utiized in turning theapproaches into practice.INTRODUCTIONTwo items have primary 
significance in framing 

approaches: 

() the basicconcept and (2) the leve of anaysis required.The Basic 
ConceptThe basic approach may be viewed as 

consisting 

of four major 

steps.Step 1 An effective approach methodoogy must be buit on a 

quantifiedneed. Thus, ogica first cut approach wil intermix () known 
drainagearea characteristics and hydrology, (2) reasonabe ranges of and 

source potentia, (3) background and direct dscharge (pointsource) oadings, 
and (4) prevailing water quaty conditons versusobjectives The purpose 

is to predetermine how much of what probemassociated with what event 
frequency coud be attributed to urban dynamics.Step 2. Seective 

fied 
montoring, guded by such anayses, shoud beconcentrated in critca stream 
reaches 

and representative catchments. Thissecond eve investigation is 
necessary 

to substantiate the ocaappcabiity of assumed "best fit" data and to 
refine estimates.Step 3. With the probem quantified and substantiay 

isoated, a cost-effectiveness assessment of abatement aternatves 

has an improved keihoodof success. In this assessment, unit processes 
and improved managementpractices, singy or in combinatons, are appied to the 
probem, costsestabished, and performance (benefits) quantfied.2 



Step 4. Fnay, repeat simuatons of the receivng waters, oaded underpost pan 
conditions, may be performed to yied a measure of the improvementspotentiay 

attainabe,Leve of 

AnaysisThe 
program 

for 

urban management for water quality benefits is anew and deveoping art. 
However, pressures fr rapid, balanced contro andrestoration of receiving 

water quaity have forced the program to centerstage aongside the reativey 
mature programs of municipa and industria treatment with severa decades of 

eperence behind them,Fortunatey, this condition has spawned severa 

toos and methodooges foridentifying and attackng stormwater probems, ranging 
from simpe desktopprocedures and to extremey compex computer simuations 

with to3 minute rea tme iteration cyces and with provisons for backwater,surcharging, 
oopng, etc. Unfortunatey, however, the core data on 

whichquantitative 
assessments are buit today are strikingy simiar, marking themore 

compex approaches with a stigma of potentia overki.Just as federa/state 
basin programs progress from waste oad aocation(Section 303(e) 

[ through probem identification and assessment (Section208) to faciities 
panning, design, construction, and operation(Section 20), so shoud the 

user be guided in his seection of toos andeve of anayss Desktop 
procedures may be entry adequate for asteoad aocations on the majority of 

streams that have minma historicalquaity records. Simpified models add 
the benefits of tota systemperspectie and time variabiity for advanced 

pannng for probemidentfication and assessment. Finay, detaied modes 
provde theconsistency and precision for fina design evauations and 

post constructionassessments. Each leve of anaysis and the appicabe 
toos wi beaddressed n the body of this secton.CHARACTERIZATION OF THE NATIONAL 

PROBLEMUnder contract to the a joint effort of the American Pubic 
WorksAssociation and the University 

of Forida has recenty produced 
aationwide 

Assessment of Combined Sewer Overfows, Urban StormwaterDischarges, 
and Urban [2 The methodoogy used, theassumptions made and probems 

encountered are of interest and potentiayappcable on both regional and 
anayses. Seected concusionsfrom that study foow:• Dry-weather fows 

represent 30 to 50% of the tota fromurban areas [the baance being wet-weather 
flows• Wet-weather organc oads from combned sewered areas are approxi¬matey 

four tmes higher 
than 

those from separate sewered areas.• Loading rates [poutant 
reeases to receiving waters] foruntreated dry-weather 

fow are higher than for wet-weather fow.However, if 90 secondary 
treatment is assumed for dry-weather BOD22 



generation, wet-weather oads are seen to be signifcant portionof 
the tota oadings from urban areas.• A 

generaed method for evauating the optima mix of storage andtreatent 
for et-weather poution oad reduction ndcated that aprimary type 

facity is preferabe up to BOD removas of about0%. A secondary faciity 
preferabe for higher evels ofcontro• The "first fush" 

assumpton, 

i.e., the assumed poutant rate, has a sgnfcant mpact on the 
assessment. Contro costsare about one-third less if a first fush is 

assumed.• Incrementa costs for wet-weather contro 

increase 
signifcantywith hgher contro obectives. This is due to 

thedsproportionatey arger contro unts needed to capture 
the essfrequent arger storms.• Sgnificant savings might be reaized 

[30 to 70 by 

ntegratingwet-weather 
quantity contro [storage] and dry-weather quaitycontro 

[joint use of "excess" treatment capacity• Approxmatey 39% 

of the combined sewer probem and 0% of theother 

wet-weather 
fows shoud be controed before initiatingtertary treatment 

contro on a nationa average basis using BODremova as the 
effectiveness measure.• [wet weather] pouton can govern the quaity 

of receivingwaters due to the shock 

effect and ong-term buildup of soids demands, turbidity, and smotherng 
of attached aquaticgrowths and organismsAn important 

additiona 
finding of the study was the identification of thegross 

inadequaces of the present 

data base and the high sensitivity of theconcusons to the assumptons 
[ground rues] requred for simuation. Themajor techniques appied and assumptions 

made are discussed n the foowingsubsections and in Section 5.PLANNING 
GUIDESGuides to panning the management of urban quaity may be dividedinto the 

foowing five principa 
components 

for the 

convenience 
of theirusers:• Determnaton of stormwater quantity and quaity at 

the outfa orinterceptor• Evauation and seecton of contro aternatives• 
Anaysis 

of 

receiving water impacts23 


